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


)LJ%DVLFEORFNGLDJUDPRIWKHV\VWHPXQGHULQYHVWLJDWLRQ

1RZGD\VPXFKDWWHQWLRQKDVEHHQJLYHQWRSRZHUTXDOLW\LPSURYHPHQW5HSODFHPHQWRIFRQYHQWLRQDOFRQYHUWHU
ZLWKPXOWLOHYHOFRQYHUWHUV0/&VLVRQHRIWKHHIIHFWLYHZD\VWRLPSURYHWKHSRZHUTXDOLW\>@>@7KHPXOWLOHYHO
$&'& FRQYHUWHUV KDYH FDSDELOLWLHV WR SURYLGH QHDUO\ XQLW\ SRZHU IDFWRU QHJOLJLEOH 7RWDO +DUPRQLF 'LVWRUWLRQ
7+' ORZ ULSSOH IDFWRU DQG JRRG UHJXODWLRQ RI ORDG YROWDJH $PRQJ WKH WKUHH FRPPRQO\ XVHG WRSRORJLHV RI
PXOWLOHYHO FRQYHUWHUV QDPHO\ WKH GLRGHFODPSHG0/&V WKH IO\LQJ FDSDFLWRU0/&V DQG WKH FDVFDGHG0/&V WKH
GLRGHFODPSHGPXOWLOHYHOFRQYHUWHULVYHU\ZLGHO\XVHG7KHGLRGHFODPSHG0/&VGRQRWUHTXLUHODUJHQXPEHURI
FDSDFLWRUV OLNH IO\LQJ FDSDFLWRU0/&V DQG WKH\ DOVR QRW UHTXLUH D VHSDUDWH'& VRXUFH IRU WKHLU RSHUDWLRQ XQOLNH
FDVFDGHG0/&V>@>@
6SDFH9HFWRU 3:0 693:0 WHFKQLTXH LV SHUKDSV WKH EHVWPRGXODWLRQ WHFKQLTXH IRU WKH SUHFLVH FRQWURO RI
PXOWLOHYHO FRQYHUWHUV $OVR WKHUH DUH ODUJH QXPEHU RI UHGXQGDQW VZLWFKLQJ VWDWHV DYDLODEOH LQ WKLV WHFKQLTXH LW
SURGXFHVDKLJKHUGHJUHHRIIUHHGRPIRUWKH'&EXVFDSDFLWRUYROWDJHEDODQFLQJDVFRPSDUHGWRRWKHUPRGXODWLRQ
WHFKQLTXHVOLNHVLQXVRLGDO3:0DQGK\VWHUHVLVFXUUHQWFRQWUROWHFKQLTXHV>@>@
,QDGGLWLRQWRRWKHUDSSOLFDWLRQDUHDVWKH$UWLILFLDO1HXUDO1HWZRUN$11WHFKQLTXHKDVEHHQZLGHO\XVHGLQWKH
ILHOGRISRZHUHOHFWURQLFDSSOLFDWLRQV7KHSHUIRUPDQFHRISRZHUHOHFWURQLFFRQWUROOHUVFDQEH LPSURYHGE\XVLQJ
$11 LQSODFH RI FRQYHQWLRQDO WHFKQLTXHV >@>@ ,Q WKLV SDSHU$11 LV XVHG LQ FRQMXQFWLRQZLWK693:0IRU
FRQWUROOLQJDUHFWLILHU
6\VWHP'HVFULSWLRQ
$GHWDLOHGVFKHPDWLFGLDJUDPRIWKHV\VWHPXQGHULQYHVWLJDWLRQLVVKRZQLQ)LJ$WKUHHSKDVHPXOWLOHYHO$&'&
FRQYHUWHUVXSSOLHGE\DEDODQFHGWKUHHSKDVH$&VRXUFHLVXVHGWRIHHGDORDG$PRGXODWLRQWHFKQLTXHLVXVHGWR
JHQHUDWHWKHILULQJSXOVHVIRUWKHFRQYHUWHU$6WDWH9HFWRU0RGXODWLRQLVXVHGWRJHQHUDWHWKHFRQWUROSXOVHVIRUD
WKUHHSKDVHUHFWLILHU7KHRXWSXWYROWDJHRIWKHFRQYHUWHULVXVHGDVDIHHGEDFNVLJQDOLQWKHFRQWUROORRS
8VXDOO\ D VWDQGDUG VSDFH YHFWRU PRGXODWLRQ WHFKQLTXH LV XVHG IRU WKH WKUHHSKDVH QHXWUDOSRLQW FODPSHG
ELGLUHFWLRQDOUHFWLILHU$WKUHHOHYHOGLRGHFODPSHGELGLUHFWLRQDOUHFWLILHUVKRZQLQ)LJLVGHVLJQHGIRUWKLVVWXG\

)LJ6FKHPDWLFGLDJUDPRIYROWDJHRULHQWHGFRQWUROVFKHPH
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
)LJ7KUHHOHYHOGLRGHFODPSHGELGLUHFWLRQDOUHFWLILHU

7KH LQSXW WHUPLQDOV RI WKH FRQWUROOHG UHFWLILHU DUH FRQQHFWHG WR WKH WHUPLQDOV RI EDODQFHG WKUHHSKDVH VRXUFH
WKURXJKWKHILOWHU LQGXFWDQFHV/+LJKIUHTXHQF\VZLWFKLQJVLJQDOVJHQHUDWHGE\3:0DUHXVHGWRFRPPXWDWH WKH
SRZHUVZLWFKHV
$IL[HGJDLQPI FRQWUROOHULVXVHGWRFRQWUROWKHFRQYHUWHURXWSXWYROWDJH V %DVHGRQWKHHUURULQEHWZHHQWKH
GHVLUHG DQG WKH DFWXDO RXWSXW RI WKH FRQYHUWHU GLUHFW FXUUHQW di
 LV JHQHUDWHG DW WKH RXWSXW RI WKH FRQWUROOHU 7KLV
JHQHUDWHGGLUHFWFXUUHQWLVXVHGDVUHIHUHQFHIRUDQLQQHUFORVHGORRSWRFRQWUROWKHGLUHFWFXUUHQW di RIWKHV\VWHP
6LPLODUDSSURDFKLVXVHGIRUWKHFRQWURORIFXUUHQWLQWKHq -D[LV qi WRREWDLQRSHUDWLRQZLWKXQLW\SRZHUIDFWRU

$11%DVHG693:07HFKQLTXH
$11KDVSURYLGHGDQDOWHUQDWLYHDSSURDFKIRUKDQGOLQJ WKHSRZHUTXDOLW\ LVVXHV/LNHKXPDQEHLQJ LWKDV WKH
TXDOLW\RIOHDUQLQJDQGDGDSWDWLRQ7KHEDVLFVWUXFWXUHRI$11FRQVLVWVRILQSXWOD\HURXWSXWOD\HUDQGKLGGHQOD\HU
DVLVVKRZQLQ)LJ:LWKDWUDGHRIIEHWZHHQWKHFRPSOH[LW\DQGSUHFLVHQHVVDSSURSULDWHQXPEHUVRIQHXURQVDUH
WREHVHOHFWHGIRUHDFKOD\HU

 
)LJ7KUHHOD\HU1HXUDOQHWZRUNWRSRORJ\VWUXFWXUH   )LJ6WUXFWXUHRI$UWLILFLDO1HXUDO1HWZRUNBBB

,QWKLVSDSHUWKHVWDQGDUGJUDGLHQWGHVFHQWWHFKQLTXHLVXVHGIRUWKHZHLJKWDGMXVWPHQWWRPLQLPL]HWKHHUURU
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,QJUDGLHQWGHVFHQWPHWKRGWKHZHLJKWVDUHLWHUDWHGRQHDWDWLPHVWDUWLQJEDFNZDUGIURPWKHRXWSXWOD\HU
)RU WUDLQLQJ WKH QHXUDO QHWZRUN WKH LQSXWRXWSXW GDWD SDWWHUQV V  DQGT  DUH REWDLQHG IURP WKH VLPXODWLRQ
UHVXOWVRIWKHFRQYHQWLRQDO690EDVHGWKUHHOHYHOUHFWLILHU:LWKWKHJLYHQLQSXWSDWWHUQV  DQGT  WKHRXWSXWLV
FDOFXODWHGDQGFRPSDUHGZLWKWKHGHVLUHGRXWSXWSDWWHUQ7KHZHLJKWVDUHWKHQDOWHUHGLQWKHEDFNZDUGGLUHFWLRQE\D
EDFNSURSDJDWLRQDOJRULWKPXQWLOWKHHUURU66(DVJLYHQE\HTXDWLRQLVYHU\VPDOODQGDFFHSWDEOH)LJJLYHVWKH
VWUXFWXUHRI$11GHVLJQHGIRUWKLVZRUN
7DEOH9DOLG6ZLWFKLQJ6WDWHVDQGFRUUHVSRQGLQJYROWDJH
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5HIHUHQFH'&YROWDJH  V volts
  
6ZLWFKLQJIUHTXHQF\ sf kHz 
A. Performance with SPWM Technique 
1) For Supply Voltage 230 V:  7KHSHUIRUPDQFH RI V\VWHP LV LQYHVWLJDWHG IRU IL[ VXSSO\ YROWDJH LH 9 DQG
GHVLUDEOHZDYHIRUPVRIGLIIHUHQWYDULDEOHVDUHREWDLQHG


)LJ3KDVHaYROWDJHDQGOLQHFXUUHQWZDYHIRUPV
)LJ7KUHHSKDVHVRXUFHYROWDJHDQGVRXUFHFXUUHQWZDYHIRUPV

)LJVKRZVWKHUHVSRQVHRISKDVHYROWDJHDQGOLQHFXUUHQWRIDVLQJOHSKDVH7KHVRXUFHYROWDJHLVVLQXVRLGDODQG
VRXUFHFXUUHQWKDYLQJVRPH OHYHOGLVWRUWLRQV ,Q WKH)LJ WKHZDYHIRUPVRIYROWDJHDQGFXUUHQWRI WKUHHSKDVH
VRXUFH DUH VKRZQ ,Q WKLV ILJXUH DOVR WKH VRXUFH YROWDJH LV VLQXVRLGDO DQG VRXUFH FXUUHQW KDYLQJ VRPH OHYHO
GLVWRUWLRQLQWKUHHSKDVH


)LJ)UHTXHQF\VSHFWUXPRISKDVHaFXUUHQW
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
)LJ'&EXVYROWDJH

7KH )LJ  VKRZV WKH IUHTXHQF\ VSHFWUXP RI OLQH FXUUHQW RI D RQH SKDVH RI D SRO\SKDVH V\VWHP XQGHU
FRQVLGHUDWLRQ7KH7RWDO+DUPRQLF'LVWRUWLRQ 7+'RI VRXUFH FXUUHQW LV IRXQG WREHDQG WKLVYDOXH LV
JUHDWHUWKDQDVUHFRPPHQGHGE\,(((VWDQGDUG)LJVKRZVWKHRXWSXWYROWDJHRI'&EXVRIWKH
V\VWHP7KHRXWSXWYROWDJHLV9ZKLFKLVHTXDO WRUHIHUHQFHYROWDJH7KHRXWSXWYROWDJHLVFRQVWDQWRQWKH
UHIHUHQFHYROWDJHWKURXJKRXWWKHRSHUDWLRQ
2) For supply voltage 440 V: 7KHV\VWHPLVLQYHVWLJDWHGIRUDKLJKHUVXSSO\YROWDJHRI9

)LJ3KDVH a YROWDJHDQGOLQHFXUUHQWZDYHIRUPV

 
)LJ7KUHH3KDVHYROWDJHDQGFXUUHQWZDYHIRUP

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)LJ  VKRZV WKH ZDYHIRUP RI aSKDVH YROWDJH DQG FXUUHQW RI VRXUFH VLGH 7KH VRXUFH YROWDJH LV DOPRVW
VLQXVRLGDOZKLOHWKHVRXUFHFXUUHQWLVKDYLQJVRPHOHYHOGLVWRUWLRQV,Q)LJVKRZVWKHZDYHIRUPVRIWKHYROWDJHV
DQG FXUUHQWV RI D WKUHH SKDVH VRXUFH 7KH VRXUFH YROWDJH LV VLQXVRLGDO DQG VRXUFH FXUUHQW KDYLQJ VRPH OHYHO
GLVWRUWLRQLQWKUHHSKDVH


)LJ)UHTXHQF\6SHFWUXPRISKDVHDFXUUHQW

)LJ2XWSXW'&EXVYROWDJH

)LJVKRZVWKH7+'RIVRXUFHFXUUHQWZLWK9VXSSO\V\VWHPZKLFKLVXVLQJ63:0WHFKQLTXHDQG
WKLVYDOXHLVOHVVWKDQDVUHFRPPHQGHGE\,(((VWDQGDUG)LJVKRZVWKHRXWSXWYROWDJHRI'&EXVRIWKH
V\VWHP7KHRXWSXWYROWDJHLV9ZKLFKLVHTXDOWRUHIHUHQFHYROWDJH$VPDOORYHUVKRRWLQWKHWUDQVLHQWVWDWH
LVREVHUYHG
B. Performance with SVPWM Technique 
1)  For Supply Voltage 230 V7KHZDYHIRUPVRIWKHYDULRXVLPSRUWDQWYDULDEOHVREWDLQHGDUHVKRZQEHORZ
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
)LJ3KDVH a YROWDJHDQGOLQHFXUUHQWZDYHIRUPV


)LJ7KUHH3KDVHYROWDJHDQGFXUUHQWZDYHIRUP

)LJVKRZVWKHVLQJOHSKDVHVRXUFHYROWDJHDQGVRXUFHFXUUHQWZDYHIRUP7KHVRXUFHYROWDJHLVVLQXVRLGDODQG
VRXUFH FXUUHQW KDYLQJ VRPH OHYHO GLVWRUWLRQV ,Q WKH )LJ  VKRZV WKH WKUHH SKDVH VRXUFH YROWDJH DQG VRXUFH
FXUUHQWZDYHIRUP7KHVRXUFHYROWDJHLVVLQXVRLGDODQGVRXUFHFXUUHQWKDYLQJVRPHOHYHOGLVWRUWLRQLQWKUHHSKDVH



)LJ)UHTXHQF\6SHFWUXPRISKDVHDFXUUHQW
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 
)LJ2XWSXW'&EXVYROWDJH

7KH )LJ  VKRZ WKH 7+' RI VRXUFH FXUUHQW LV  XVLQJ 693:0 WHFKQLTXH ZKLFK LV OHVV WKDQ  DV
UHFRPPHQGHGE\,(((VWDQGDUG)LJVKRZVWKHRXWSXWYROWDJHRI'&EXVRIWKHV\VWHP7KHRXWSXW
YROWDJHLV9ZKLFKLVHTXDOWRUHIHUHQFHYROWDJH$VPDOORYHUVKRRWLQWKHWUDQVLHQWVWDWHLVREVHUYHG

2)  For Supply Voltage 440 V
7KHZDYHIRUPVRIGLIIHUHQWYDULDEOHVDUHREWDLQHGDQGDQDO\VHGIRU9VXSSO\V\VWHPXVLQJD693:0WHFKQLTXH


)LJ3KDVH a YROWDJHDQGOLQHFXUUHQWZDYHIRUPV


 
)LJ7KUHH3KDVHYROWDJHDQGFXUUHQWZDYHIRUP

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)LJVKRZVWKHVLQJOHSKDVHVRXUFHYROWDJHDQGVRXUFHFXUUHQWZDYHIRUP7KHVRXUFHYROWDJHLVVLQXVRLGDODQG
VRXUFH FXUUHQW KDYLQJ VRPH OHYHO GLVWRUWLRQV)LJ  VKRZV WKH WKUHHSKDVH VRXUFHYROWDJH DQG VRXUFH FXUUHQW
ZDYHIRUP7KHVRXUFHYROWDJHLVVLQXVRLGDODQGVRXUFHFXUUHQWKDYLQJVRPHOHYHOGLVWRUWLRQV,QWKHERWKVLQJOH
SKDVHDQGWKUHHSKDVHWKHZDYHIRUPLVQHDUWRVLQXVRLGDODQGLWVKRZWKHQHDUWRXQLW\


)LJ)UHTXHQF\VSHFWUXPRISKDVHa FXUUHQW




)LJ2XWSXW'&EXVYROWDJH

7KH)LJVKRZVWKHIUHTXHQF\VSHFWUXPRIVRXUFHFXUUHQWLWVKRZWKHYDOXHRI7+'LVZKRLVWKHEHORZ
DFFRUGLQJ WR ,(((VWDQGDUG)LJVKRZV WKHRXWSXWYROWDJHZDYHIRUPRI WKHV\VWHP WKURXJK'&EXV ,W
VKRZVWKHYROWDJH9LHHTXDOWRUHIHUHQFHYROWDJH





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5. Performance with ANN based SVPWM Technique 
1)  For Supply Voltage 230 V7KHZDYHIRUPVRIWKHV\VWHPXQGHUFRQVLGHUDWLRQZLWKVXSSO\YROWDJHRI
9DQGXVLQJDQ$11EDVHG693:0IRUFRQWUROOLQJWKHUHFWLILHUDUHREWDLQHG

)LJ3KDVH a YROWDJHDQGOLQHFXUUHQWZDYHIRUPV


 
)LJ7KUHH3KDVHYROWDJHDQGFXUUHQWZDYHIRUP


)LJVKRZVWKHZDYHIRUPVRIWKHYROWDJHDQGFXUUHQWRIWKHaSKDVH7KHZDYHIRUPRIWKHYROWDJHLVVLQXVRLGDO
ZKHUHDV VRXUFH FXUUHQWKDYLQJ VRPH OHYHO GLVWRUWLRQV)LJ  VKRZV WKHYROWDJHV DQG FXUUHQWVRI9 WKUHH
SKDVHVRXUFHZDYHIRUPV7KHVRXUFHYROWDJHLVVLQXVRLGDODQGVRXUFHFXUUHQWKDYLQJVRPHOHYHOGLVWRUWLRQV,QWKH
ERWKILJXUHVWKHZDYHIRUPLVQHDUWRVLQXVRLGDODQGLWLVQHDUWRXQLW\



)LJ)UHTXHQF\VSHFWUXPRISKDVHa FXUUHQW
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 
    )LJ2XWSXW'&EXVYROWDJH

7KH)LJVKRZVWKDWWKH7+'RIVRXUFHFXUUHQWLVXVLQJ693:0WHFKQLTXHZKLFKLVOHVVWKDQDV
UHFRPPHQGHGE\,(((VWDQGDUG7KLV7+'LVPXFKEHWWHUWKHQ63:0DQG693:0WHFKQLTXH)LJ
VKRZVWKHRXWSXWYROWDJHRI'&EXVRIWKHV\VWHP7KHRXWSXWYROWDJHLV9ZKLFKLVHTXDOWRUHIHUHQFH
YROWDJH
2)  For supply voltage 440 V: 7KHZDYHIRUPVRIWKHYROWDJHDQGFXUUHQWVIRUWKHV\VWHPZLWKVXSSO\YROWDJH
RI9DUHREWDLQHGDQGVKRZQEHORZ


)LJ3KDVH a YROWDJHDQGOLQHFXUUHQWZDYHIRUPV


 
)LJ7KUHH3KDVHYROWDJHDQGFXUUHQWZDYHIRUP
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
)LJVKRZVWKHZDYHIRUPRIWKHYROWDJHDQGFXUUHQWRIaSKDVH7KHVRXUFHYROWDJHLVVLQXVRLGDODQGVRXUFH
FXUUHQWKDYLQJVRPHOHYHOGLVWRUWLRQV)LJVKRZVWKHZDYHIRUPVRIYROWDJHVDQGFXUUHQWRIWKHVXSSO\VRXUFH
7KHVRXUFHYROWDJHLVVLQXVRLGDODQGVRXUFHFXUUHQWKDYLQJVRPHOHYHOGLVWRUWLRQV,QWKHERWKVLQJOHSKDVHDQG
WKUHHSKDVHWKHZDYHIRUPLVQHDUWRVLQXVRLGDODQGLWVKRZWKHQHDUWRXQLW\



)LJ)UHTXHQF\VSHFWUXPRISKDVHa FXUUHQW

)LJ2XWSXW'&EXVYROWDJH

)LJVKRZVWKHIUHTXHQF\VSHFWUXPRIVRXUFHFXUUHQW7KH7+'LVZKHQLWDFFUXHVWLPHDWVHFDQG
IRUSXOVHV,PSURYHPHQWLQWKH7+'ZLWKUHVSHFWWR3:0DQG693:0WHFKQLTXHLVREVHUYHG)LJVKRZV
WKHRXWSXWYROWDJHRI WKH UHFWLILHU ,W LVHYLGHQW IURPWKH ILJXUH WKDW WKHRXWSXWYROWDJHVHWWOHVYHU\TXLFNO\ WRD
GHVLUHGOHYHORI9)RUWKHFRPSDUDWLYHVWXG\RIWKHSHUIRUPDQFHZLWKGLIIHUHQWPRGXODWLRQWHFKQLTXHV7DEOH
LVIRUPXODWHG








1037 Rajiv Kumar et al. /  Procedia Computer Science  93 ( 2016 )  1024 – 1037 
7DEOH3HUIRUPDQFHRIV\VWHPZLWKGLIIHUHQW0RGXODWLRQ7HFKQLTXHV
$OJRULWKPV

3DUDPHWHUV
6LQXVRLGDO3XOVHZLGWKPRGXODWLRQ 6SDFH9HFWRU3:0 $11%DVHG6SDFH9HFWRU3:0
1DWXUHRIVRXUFHFXUUHQW 6LQXVRLGDO 6LQXVRLGDO 6LQXVRLGDO
6XSSO\FXUUHQW7+'
IRU9
IRU9
IRU9
IRU9
IRU9
IRU9
,QSXWSRZHUIDFWRU § § §
6ZLWFKLQJIUHTXHQF\ N+] N+] N+]
6\QFKURQL]DWLRQRIFDUULHUVLJQDO 5HTXLUHG 1RWUHTXLUHG 1RWUHTXLUHG
&DSDFLWRUYROWDJHXQEDODQFH !YROW !YROW !YROW
6HWWOLQJ7LPH VHF VHF VHF
'&EXVYROWDJHSHDNWRSHDNULSSOH

YROW
 YROW

YROW


&RQFOXVLRQ
,QWKLVSDSHUDQ$11EDVHG693:0WHFKQLTXHLVSUHVHQWHGIRULPSURYLQJDSRZHUTXDOLW\RISURSRVHGV\VWHP
RI WKUHH SKDVH UHFWLILHU 7KH UHVXOWV REWDLQHG GHSLFWV WKH VXSHULRU SHUIRUPDQFH RI WKH V\VWHP ZLWK $11 EDVHG
693:0$FRPSDUDWLYHVWXG\LVDOVRSUHVHQWHGWRYDOLGDWHWKHVXSHULRULW\RIWKHSURSRVHGV\VWHPLQFRPSDULVRQWR
63:0DQG693:0WHFKQLTXH
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